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CONTROLLED RELEASE FORMULATION 
FOR ORAL ADMINISTRATION OF METFORMIN 

Field of the Invenfion 

5 

The present invention relates to a controlled release formulation for oval 
administratioii of metformin or a pliatmaceutically acceptable salt fliereof. 

Background of the Invention 

10 

Metfonnin is an oral dedication designed to help conirol elevated blood 
sugar levels in non-insulin dependent diabetes mellitus (NtDDM) by activating 
glucose receptor in Uven It induce weight loss, reduces blood-triglyceride 
level and low-diatisify lipcpDteins (LDL), and increases high-density 
15 lipoproteins OJDL) in diabetic pati@at. HiCTcfore, it may be used as a primary 
drug for NIDDM. 

Metformin is currently marketed in the form of a hydrochloride as 
GLUCOPHAGE® (Bristol-myers Squibb Company) tablets and its daily dosage 
is determined individually on the basis of both effectiveness and tolerance, 

20 while not exceeding the maximum reconmiended dose of 2,550 mg per day. 
The side effects of metformin are loss of appetite, abdominal distension, nausea 
and diarrhea while skin eruption or hives may break out rarely. These side 
effects may be avoided by reducing the minimum and/or maintenance dose, or 
by administrating a controlled release formulation. 

25 Existing controlled release formulations of metformin are based on the 

use of polymers or release control by osmotic pressure. For example, WO 
99/47128 discloses a two phase controlled release system based on polymers 
such as ethyl cellulose, sodiiun carboxy methyl cellulose and hydroxy propyl 
methyl cellulose with high water soluble medicament; WO 02/36100 discloses a 

30 method for controlling (he release of medicament through the use of a - 
perforated controlled release coating; and United States Patent No. 3,952,741 
teaches an osmotic device comprising a semi permeable tnembrane. 

However, the existing controlled rele^e formulations have the problem 
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of high production costs and/or unsatisfactory release patterns . 

Therefore, there has been a continual need to develop an econonrie 
controlled release formulation of metformiii, which is capable of mainteining 
the effectiveness of the drug by unifonn release over a prescribed period 

5 

Summary of the Invention 

Accordingly, it is an object of the present invention to provide a 
10 controlled release formulalion of metformin^ which can m£dntain uniform 
release of metformin for a long period of time and can be prepared easily. 

In accordance mth one aspect of the present invention, there is provided 
a controlled release formulation for oral adnunistration of metformin or a 
pharmaceutically acceptable salt thereof comprising metformin or a 
15 pharmaceutically acceptable salt thereof as a pharmaceutically active 
ingredient; a combination of a polyethylene oxide and a natural gum as a earner 
for controlled release; and a pharmaceutically acceptable additive. 



Brief Deseription of Drawings 

20 

The above and other objects and features of the present invention will 
become apparent from the following description of the invention taken in 
conjunction with the following accompanying drawings^ which respectively 
show: 

25 

Fig, 1: in vitro release profiles of controlled release tablets prepared in 
Examples 1 to 4 of the present invention, and a comparative formulation 
(GLUCOPHAGE® XR controlled release tablet, Bristol-Myers Squibb 
Coniqjany); 

30 Fig. 2: in vitiv release profiles of the controlled release tablets prepared 

m Exanq>les 5 to 8 of the present invention, and a comparative formulation 
(GLUCOPHAGE® XR controlled release tablet); 

Fig. 3: in vitf^o release profiles of the controlled release tablets prepared 
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in Examples 9 to 12 of the present invention, and a comparative formulation 
(GLUCOPHAGE® XR controlled release tablet); 

Fig. 4: in vitro release profiles of the controlled release tablete prepared 
in Exan^le 2, md Comparative Esajnples 1 and 2; 
5 Fig. 5: in vitro release profUes of the controlled release tablet prepared 

in Example 12 of the present invraiticm as ftmction of the rotation speed of the 
release port; and 

Fig. 6: in vitro release profile of a comparative fonnulation 
(GLUCOPHAGE® XR eonteoUed release tablet) as function of the rotation 
1 G speed of the release port. 



detailed Description of tihe Invention 

15 ilie controlled release formulation for oral administration of metformin 

may be achieved by mixing a suitable metformin salt with a hydrophilie 
polymer to form solid particles. Employing a homologous and/or a 
heterologous hydrophilie polymer, the particles may be dispersed to formulate a 
compressed tablet or a packed capsule. 

20 Each ingredient of said formulation is described in detail as follows: 

(1) Pharmaceuticallv active ingredient 

The active ingredient of the controlled release formulation of the present 
invention is metformin or its pbarmaoeutically acceptable salt, e.g., a 
25 hydrochloride, succinate or fumarate. 

(2) Carrier for controlled release 

liie carrier for ciratrolled release of the present invention is a 
combination of a polyeUiylene oxide and a natural girai. The polyethylene 
30 oxide may be chosen jBcom flie ones havii^ average molecular weight between - 
100,000 and 7,000,000, or a mixture of two or more polyefliylene oxides with 
different molecular weights may be also used. 

The natural gum of the present invention refers to xanthan gum, locust 
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gum, guar gum, or a mixture thereof. 

In aecordance with the present invention, the weight ratio of the active 
ingredient : the carrier for controlled release may range from 1 : 0.01 to 1 : 1, 
and preferably, from 1 : 0,1 to 1 : 0,95, 

5 

(3) Pharmaceutically acceptable additive 

The ingredients that can be siqjplemented to the fonnulation for 
controlled release include phannaceutic^ additives acceptable for a solid 
formulation for oral administration such as neutralized diluent carriers, binders 
10 and lubricants. 

The neutralized diluent carrier of the present invention can be lactose, 
dextrin, starch, microcrystallized ceHulose, potassium phosphate monobasic, 
calcium carbonate, saccharide or silicon (fioxide, and the like, which may 
contain conventional additives in the pharmaceutical field used in solid 

1 5 formulations for oral adniiiustraticni. 

The binders of &e presmt invention can be polyvinyl pyrrolidone or 
gelatin, dther conventional additives in the pharmaceutical field that are 
applied to solid formulation for oral administration can be also included. 

Hie lubricants of the present invention can be a zinc or magnesium sah 

20 of stearic acid and the like, which may contain conventional additives in the 
pharmaceutical field used in solid formulations for oral administration. 

In accordance with the present invention, the weight ratio of the active 
ingredient : the phaimaceutically acceptable additives may range firam 1 : 0.001 
to 1 : 0.3, preferably, from 1 : 0.01 to 1 : 0.1. 

25 In order to have a more delicate contix)! of active ingredient release, a 

selective release-controlling agent such as a wax or a polyvinyl 
aeetate/polyvinyl pyrroUdone mixture, which helps the carrier for controlled 
release in manifesting its gel property in vivo, njay be additionally used as an 
optional ingredient in the fonnolatioa of the present invmtion. 

30 The weight ratio of the active ingredient : the said selective release - 

conti:olling agent may preferably range from 1 : 0 to 1 : 0.9, whereas flie ratio of 
total weight of the formulation : the agent can preferably range from 1 : 0 to 1 : 
0.7, 
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The following Examples are intended to forther illustrate the present 
invention without limiting its scope. 

5 

Examples: PreparatiQii of Metformui ControUed Release Tablet 

Exarnple 1 

10 500g of metforniin-Ha (Hwail Pharm. Co., Ltd), 80g of polyethylene 

oxide (Polyox® WSR A^utinant, Molecular weight 5,000,000, Union Carbide) 
and 100 g of xanlhan gum (Cpkelco) were each filtered tibrough No. 30 inesh 
and mixed together. The nuxtuie was placed in a high-speed mixer (SPG-2, 
Fujipaudal), and a binder solution made up of 20g of polyvinyl pyrrolidone 

15 (Kollidon® K-90, BASF) <fissolved in distilled water was added to the mixer, 
followed by mixing at a speed of 100-1,000 rpm for 3min to obtain granules. 
The granules were dried and filtered through No. 30 mesh. Thereafter, 200g of 
a polyvinyl acetate/polyvinyl pyrrolidone mixture (Kollidon SR, BASF), 80g of 
wax (Compritol® 888ATO, Gattefosse) and lOg of silicon dioxide were added to 

20 the granules and mixed for 30 min. Finally, lOg of magnesium stearate 
powder was added to the mixture, mixed for 3 min, and compressed to obtain a 
tablet having the composition of Table 1. 

Table! 

25 



Ingredients 


Content (wt%) 


Granule 
forming 
part 


Metforaiin- HCl 


50 


Polyethylene onde 
CPolyDX®WSR,M.W 5,000,000) 


8 


Xanthangum 


10 


Polyvinylpyrrolidone 


2 


Mixture part 


Polyvinj* ac^ate/Polyvdnyl pyrrolidone mixture 


20 


Wax 


8 


Silicon dioxide 


1 


Magnesium stearate 


1 


Total 


100 



wo 2005/094794 



PCT/iCR2005/00Q9jr> 



6 

Examples 2 to 5 

Tablets having the compositions listed in Tables 2 to 5 were prepared 
by repeating the procedure of Example 1 except for using Xanthan gum 
(Cpkelco) in the mixture part or usiig polyethyleae oxides having different 
molecular weights. In addition, the binder, poly\dnyl pyrrolidone was also 
excluded from the granule forming psact in these examples. 



1 0 Table 2: Composition of a tablet of Example 2 



Ihgredients 


Content (wt%) 


Granule 
fomiing 
part 


Metformin- HCl 


50 


Polyethylene oxide 
CPolyox*WSR, M.W 5,000,000) 


5 




Polyvinyl acetate^olyvinyl pyrrolidone mixture 


20 




Wax 


13 


Mixture part 


Xanthan ^um 


10 




Silicon dioxide 


1 




Magnesium stearate 


1 


Total 


100 



Table 3: Composition of a tablet of Example 3 

15 



Ihgredients 


Content (wt%) 


Granule 
forming 
part 


Metformin- HCl 


50 


Polyethylene oxide 
(Polyox® WSRNIO, M.W 100,000) 


5 




Polyvmyl acetate/Polyvinyl pyrrolidone mixture 


20 


Mixture part 


Wax 


13 


Xanthan gum 


10 




Silicon dioxide 


1 




Magneshim steaiate 


1 


Total 


100 
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Table 4: Composition of a tablet of Example 4 



fiigredients 


eontent(wt%) 


Granule 
forming 
part 


Metformin- HCl 


50 


Polyethylene oxide 
(Polyox® WSR 11G5, M.W 900,000) 


5 


Mixture part 


Polyvinyl aceiat(E/PoIy\ra3^ pyiiolidbne inix 


20 


Wax 


13 


Xanflm gum 


10 


Silicon dioxide 


1 


Magnesium stearate 


1 


Total 


100 



5 Table 5: Composition of a tablet of Example 5 



Ingredients 


Content (wt%) 


Granule 
forming 
part 


Metfoimin- HCl 


50 


Polyethylene oxide 
(Polyox® WSR, M.W 5,000,000) 


10 


Mixture part 


Polyvinyl ac^te^PoIyvinyl pyn-oliddne mixtuie 


20 


Wax 


8 


Xanthan gum 


10 


Silicon dioxide 


1 


Magnesium stearate 


1 


Total 


100 



Example 6 

10 

A tablet having the composition shown in Table 6 was prepared by 
repeating the procedure of Example 1 except for not using the binder, polyvinyl 
pyrrolidone. 



15 



{ 
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Table 6 



Mgredients 


Content (wt%) 


Granule 
foiming 
part 


Metfomiin- HCl 


50 


Polyethylene oxide 
(Polyox* WSR, M.W 5,000,000) 


10 


Xanthan giim 


10 


Mixture part 


Polyvinyl acetateflPolyvinyl pynolidone mixture 


20 


Wax 


8 


Silicon dioxide 


1 


Magnesium steaiate 


1 


Total 


100 



5 Example 7 

A tablet having the composition shown in Table 7 was prepared by 
repeating ,the procedure of Example 1 except for using isopropyl alcohol in 
place of distilled water during the granule fonmation step. 

10 

Table 7 



Ingredients 


Content (wt%) 


Granule 
forming 
part 


Metfiamm - HO 


50 


Polyethylene oxide 
(Polyox® WSR, M.W 5,000,000) 


8 


Xanthan gum 


10 


Polyvinyl pyrrolidone 


2 


Mixture part 


Polydn^ acetataflPolyvinyl pyrrolidone mixture 


20 


Wax 


8 


Silicon dioxide 


1 


Magnesium stearate 


1 


Totd 


100 
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Examples 8 to 10 

Tablets having the compositions shown in Tables 8 to 10 were prepared 
by repeating the procedure of Example 1 except for using a distilled 
5 water/isopropyl alcohol mixture (1:1 (v/v)) in place of distilled water during the 
granule fomiation step and not using the wax. 



Table 8 : Composition of a tablet of Example 8 



Jhgredients 


Content (wt%) 


Granule 
forming 
part 


Metformm- HCl 


50 


Polyethylene oxide 
(Polyox® WSR, M.W 5,000,000) 


8 


Xanthan giBfla 


10 


Polyvinyl pyrrolidone 


2 


Mixture part 


Polyvinyl acetate/Polyvinyl pyiToUdone niixture 


28 


SUicon dioxide 


1 


Magnesimn st«u:ate 


1 


Total 


100 



10 



Table 9: Composition of a tablet of Example 9 



Ingredients 


Content (wt%) 


Granule 


Metformin- HCl 


50 


Polyethylene oxide 


16 


forming 


(Polyox® WSR, M.W 5,000,000) 


part 


Xantliangum 


10 




Polyvinylpyrrolidone 


2 




Polyvinyl acetate/Polyvinyl pyrrolidone niixture 


20 


Mxturepart 


Silicon dioxide 


1 




Magi^iun steaiate 


1 


Total 


100 



15 
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Table 10: Composition of a tablet of Example 10 



Ingreditsnts 


Content Cwt%) 


Granule 
fomiing 
part 


Metfomiin- HCl 


50 


Polyethylene oxide 
(Polyox® WSR, M. W 5,000,000) 


8 


Xanthan gum 


18 


Polyvinylpyrrolidone 


2 


Mixture part 


Polyvinyl acetate/Polyvinyl pyrrolidone mixture 


20 


Silicon dioxide 


1 


Magnesium stearate 


1 


Total 


100 



5 Example 11 

A tablet haviiig the composition shown in, Table 11 was jprqpared by 
repeating < the procedure of Example 1 except for using a distilled 
water/isopropyl alcohol mixture (1:1 (v/v)) during the granule formation step as 
10 well as using xanthan ginn (Cpkelco) and locust bean gum (Sigma) in the 
mixture part while not using the wax. 

Table 11 



Ingredients 


Content (wt%) 


Graaule 
forming 
part 


Metfomiia- HCl 


50 


Polyethylene oxide 
(Polyox® WSR, M.W 5,000,000) 


10 


Polyvinylpyrrolidone 


2 




Polyvinyl acetate/Polyvinyl pyrrolidone mixture 


20 




Xanthangum 


10 


Mixture part 


Locust bean gum 


6 




Silicon dioxide 


1 




Magnesium stearate 


1 


Total 


100 



15 
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Example 12 

A tablet having the composition listed in Table 12 was prepared by 
repeating the procedure of Example 11 except for not using the polyvinyl 
5 acetate/polyvinyl pyrrolidone mixture 



Table 12 



higrediaits 


Content (wt%) 


Granule 
forming 
part 


Metformin^ HCl 


50 


Polyethylene oxide 
(Polyox®WSR, M.W 5,000,000) 


10 


Polyvinyl pyrroMdone 


2 


MixtiTOpart 


Xanthan gum 


21 


Locust bean gum 


15 


Silicon dioxide 


1 


Magnesium stearate 


1 


Total 


100 



10 Conaparative Example 1 

The tablet havmg Ihe composition listed in Table 13 was prepared by 
repeating the procedure of Example 2 except for not using polyethylene oxide 
during granule fomaation, 

15 

Table 13 



Ingredi^ts 


Content (wt%) 


Granule 

formiBg part 


Metfonmn- HQ 


52.6 


Mixture part 


Polyvinyl acetate/Pohrtdi^ pycrolidone mixture 


21.1 


Wax 


13.7 


Xanthan gum 


10.5 


Silicon dioxide 


1.1 


Magnesium stearate 


1 


Total 


100 
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CQmparatiye example 2 

A tablet having the composition hsted in Table 14 was prepared by 
repeating the pxoeedwe of Esample 2 except for not using xanfhan gum, 

5 

Table 14 



Ingredients 


Content (wt%") 


Granule 
fomiing 
part 


Metformin- HCl 


55.6 


Polyethj^aie oxide 
(Polyox® WSR, M.W 5,000,000) 


5.6 


Mixture part 


Polyvinyl acetate/Polyvinyl pyrrolidone mixture 


22.2 


Wax 


14.4 


Silicon epoxide 


1.1 


Magnesium stearate 


1.1 


Total 


100 



10 Test Ejiample 1 : /« viftio Release-Test 

The tablets prepared in Examples 1 to 12 and GLUCOPHAGE® XR 
controlled release tablet (Bristol-Myers Squibb Company) as a comparative 
formulation were subjected to in vitiv release-test in accordance with the 
15 release-test method described in Korea pharmacopoeia (the paddle method) to 
compare the effects of natural gum and polyethylene oxide as carriers for 
controlled release on the release speed. The release patterns of metfoimin-HCl 
from each of the tablets were measured under the following conditions. 

20 -Release4estS3«tem:BrwekaDT80 

- Release solution: The disintegrating-test 2n4 method described in 
Korea pharmacopoeia (artificial gastric fluid) 

- Temperature of release solution: 37 ± 0.5 V 

- Amount of release solution: 900 niL 
25 - Rotation speed: 50 tpm 
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- Sample collection time: Aliquots of the release solution were collected 
at 1, 2, 3, 4, 6, 8, and 10 hr, filtered through a 0.45 |im membrane, and 
used as test samples. After sampling the release solution, the release- 
test system was refilled with an equal amount of fiesh release solution. 

5 - Analyzing method: AbsMbances of the samples and a standard 

solution were measured at 233nm employing distilled water as a 
reference to calculate consspooiding release ratios. 

- Calculation of released amcnjnt Cmnulatiye release amount 

10 As can be seen fiom Figs. 1 to 3, the release rate becomes slow as the 

amount of polyethylene oxide or the natural gum increases. Especially, the 
tablet of Example 14 release the drug continuously in a release pattern similar 
to that of the con:q>arative foxmuladon. 

15 

Test Example 2 : In vitro Release-Test 

In vitro release-tests were conducted by repeating the method of Test 
Example 1, except for using the tablets prepaied in Example 2, and 
20 Comparative Examples 1 and 2. 

As can be seen from Fig. 4, tablets of Comparative Examples 1 and 2, 
which contain natural gum or polyethylene oxide alone as a canier for 
controlled release show burst drag releasi^ at the initial stage, 

25 

Test Example 3 : In vitro Release-Test 



In vitro release-teste W€a?e conducted for the tablet prepared in Example 
12 and the comparative formulation by repeating the method of Test Example 1, 
30 except for changing the rotirticjn speed to 100 ipm and 1 50 ipm. 

As can be seen fh>m Figs. 5 and 6, the tablet of Example 12 displays a 
steady release pattern equal to that of the comparative formulation, wifliout 
initial burst release of the drug even at a high rotation speed. 
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While tiie invention has been described with respect to the above 
specific embodiments, it should be recognized that various modifications and 
changes may be made and also faU within the scope of the invention as defined 
by the claims that follow. 



